ABSTRACT. Distribution and temporal change of free calcium concentration ([Ca2+]i) in single guinea pig gastric chief cells were visualized by a digital imaging microscope equipped with a microspectrofluorometer. The distribution was not homogeneous; a higher [Ca2+]i area was often localized in some restricted regions of the endoplasm and also at the peripheral cytoplasm just beneath the plasma membrane. When stimulated with cholecystokinin, [Ca2+]i increased transiently in the apical peripheral cytoplasm and in the endoplasmic regions. This Ca2+ mobilization which precedes the biphasic pepsinogen secretion was composed of a rapid Ca2+ release from the intracellular store(s) as well as a rapid and a more sustained Ca2+ entry from the extracellular space.
Ca2+ plays key roles in stimulus-secretion coupling of various exocrine and endocrine cells (22, 23) . Pepsinogen secretion from gastric chief cells is also regulated by Ca2+ following the stimulation of either a peptidergic (cholecystokinin) or a cholinergic pathway (2, 7, 15, 18) , and it has been suggested that the Ca2+ mobilization is composed of three components; a rapid mobilization of internal Ca2+, a rapid Ca2+ entry from the extracellular space and a more prolonged Ca2+ entry from the extracellular space (2, 7, 15, 18) . In all these studies gastric glands or isolated chief cell suspension previously loaded with either fura-2, quin2 or aequorin have been analysed by conventional fluorescence or luminescence spectrophotometers and the results obtained have been interpreted assuming that the cells respond homogeneously. Gastric glands, however, consist of several types of cells, such as parietal cells, mucous neck cells, chief cells and some identified or unidentified mucosal cells (10) . In order to clarify the Ca2+ mobilization in the chief cells, it is necessary to examine more directly the spatial distribution and temporal change of free calcium concentration, [Ca2+]i, in individual chief cells in intact gastric glands.
Recently [Ca2+] i in single cells has been analysed by a microspectrofluorometer and visualized using a digital imaging microscope (6, 8, 11, 21) . We have applied these techiques to the chief cells in guinea pig gastric glands. Data of the single cells obtained by digital imaging microscopy and microspectrofluorometry were compared with those on the cell suspension obtained by conventional fluorescence and luminescence spectrophotometry. The chief cells present in the terminal portion of the gastric gland such as indicated by an arrow with star in Fig. lA were analysed by digital imaging microscopy. The chief cells contain a number of pepsinogen granules and clearly showed polarized structure with lumina (apical) and basolateral cells surfaces (Fig. 1B) . Fig. 2A shows the distribution of [Ca2+]i in a resting single chief cell. Comparing Fig. 2A with the electron micrographs of chief cells (Fig. 1B) , the plasma membrane domains, presumably corresponding to the luminal (apical) and basolateral cell surface were estimated and indicated by LS and BS as shown in Fig. 2A , respectively. In the resting chief cells, [Ca2+] distribution was non-unimodal and a higher [Ca2+] area was localized at the peripheral cytoplasm increasing towards the plasma membrane and often in some restricted regions of the endoplasm. shown in Fig. 2A . When the cells were stimulated with cholecystokinin (10-8 M), the pixel intensity increased both at the endoplasmic regions (enclosed by a circle) and at the apical cytoplasm just beneath the luminal plasma membrane (30 sec), and even after 60 sec the pixel intensity at the apical cytoplasm was higher than that of the rest of the cytoplasm. Fig. 3A shows three dimensional computer graphics of [Ca2+]i distribution in an isolated single chief cell before and after cholecystokinin (10-8 M) stimulation. components; a rapid Ca2+ release from the intracellular store(s), a rapid Ca2+ entry from the extracellular space and a more sustained but localized Ca2+ entry from the extracellular space. The exact role and contribution of these Ca2+ mobilizations for exerting biphasic pepsinogen secretion have not yet been determined. The first initial response may be caused by intracellular Ca2+ release from the store(s), possibly through myoinositol 1, 4, 5-trisphosphate (IP3) mediation (2, 15) . The second sustained response requires Ca2+ entry from the extracellular space (15, 18) and is mediated by diacylglycerol synergistically combined with the first response, possibly through protein kinase C activation (7, 18) .
MATERIALS AND METHODS

Preparation
We could not identify the exact location of the high Ca2+ region just beneath the plasma membrane. However, the cytoskeletal system appears to provide a compartmentation which may restrict the movement of intracellular molecules and ions (4) . In gastric chief cells, pretreatment with microtubule and microfilament poisons such as colchicine and cytochalasin D decreased the average resting level of [Ca2+]i and inhibited Ca2+ mobilization and pepsinogen secretion evoked by cholecystokinin (15) . It is, therefore, suggested that the microtubular-microfilamentous system which forms the meshwork just beneath the plasma membrane may be related to this high [Ca2+]i. High [Ca2+]i just beneath the plasma membrane in the chief cell may be reasonably assumed since the Ca2+ pump or Ca2+ binding protein, calmodulin, of the plasma membrane generally requires a micromolar of Ca2+ for its full activation (9, 18) .
It has not yet been clarified why and how high [Ca2+]i areas in the endoplasm are created and maintained at the resting state and enlarged by stimulation. Our previous study suggested that the [Ca plateaus are probably related with an internal Ca2+ mobilization (20) .
It is well known that the mobilization of Ca2+ in the chief cell is composed of three types of flux (2, 7, 15, 18) . Initial Ca2+ release from the intracelluar store(s), presumably the endoplasmic reticulum, is mediated by IP3 (2, 15) . The mechanism for entering Ca2+ from the extracellular space at the initial stage has not yet been elucidated. However, a more prolonged but localized Ca2+ entry from the extracellular space may be mediated by diacylglycerols (18) . This prolonged Ca2+ mobilization, as reflected by the fura-2 or aequorin signal shoulder, is presumably inhibited by hormone dissociation from the receptor, resulting in a replenishment of Ca2+ into the store(s) and leading to the termination of the cell response (2) .
In this study, we tried to visualize these Ca2+ fluxes using a digital imaging microscopy equipped with a microspectrofluorometer in a single cell. The results suggest that Ca2+ enters from the extracellular space at some restricted regions of the plasma membrane presumably through apical surface membrane, and that Ca2+ releases from the store(s) in the endoplasmic region(s).
